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(57) ABSTRACT

A perturbation device for a charged particle circulation sys-
tem, capable of readily generating a distribution profile of a
perturbation magnetic field, 1s provided. By partially super-
posing a perturbation magnetic field on a main magnetic field
for circulating charged particles, perturbation i1s produced 1n
trajectories of the charged particles. Then, the charged par-
ticles that have been injected into the charged particle circu-
lation system are captured into a stable circular closed orbiat.
Using a leakage magnetic field formed of a magnetic field
generated by magnetic field generation devices, each includ-
ing a high-frequency coil, the perturbation magnetic field 1s
generated.

15 Claims, 10 Drawing Sheets

101

113B 121B¢




11/B

US 7,977,895 B2
1218

121B¢

.l..-..'l..i_l.I.T._l._-_.-..I.-___l.I..I.II.ll..l.l.l.Ill.llllllll.l..l.l..l..l.l..-..:.l__..._.

i
i - -

101

121Ba

™
- -._l_ L ‘..I.
r h i \
. * F ]
r '
ﬂll.l.l..-.l..l.l-.llul...l.l.llllI|II.l.I.”.-I.“.llll.‘.‘tﬂ.r.ﬂllhl“q‘-ll.“.ﬂ.lfl.ql-l.ri“h"l||1|l._l_
1 l.|.l. .l.ll .._-._..-_ _-ll.-l. l.—.-l.___. _l_.ll. -
i - o - L T 1 - - -
-.1.. ..l.‘. -1‘. I.I.- - -
[ a F -+ - | I R -
Fl - = F ] L T Y -
] o - * - 1 ] " -
-, " ’, o 1 = -
L » ’ ’ - | - -
F] - o ’ 1 1 L
] - - » - #f
1 s oar o oA oa om o o L — a — ] [ | + Lol
L 1 L | \ L 1 (A
' i . %
M L 1 b b . m
\ ¥ ' . ! LR . Y
4 ¥ N ' \ 1 1 »
N 1 ' 1 1 ' ' *
' ' ! ! i v ol
¥ 1 1 1 1 ¥
1
X i b ¥ ¥ 1 i
' 1 ' v 1 1 b
' [ b by v 1 '
' ' L i . k '
b ' ' ' i L '
_ " 1 b ! 1 L |
p— . ' L] ¥ \ L !
\ - — - - = = A e a - — e -
1 ' L . ll_.k. .-.Iﬂ. T -__.._-_..I ..l-..l. -
' ¥ ar - e ™ . - L
1 -1 L =" Lu.‘- ..1!_ ] ] -
+ - ] aT ] ¥ - JL 1 -
] ax & ol - - -
4 - ] - 1 - i - | & ]
| " .-n..\ - - -Ir
' P o = | P 1
J 1%
_ -. b
. liIHlllllllllilll-llll'lll?l‘lmllqijn
| - - - L L . 4
[ l.l l._-._ -_.-. _.___-1 -_.l - ™,
b s ___...... -..- 1.._. b ri._..-.
+.L » - -
-‘. o’ l...-l..r .-...-.J.—.
L A ] u}u‘liiviliqf?rlfl
b - "l T |
L - F -y - -
*II . - - - T |
L] .l._-. * _l.r-r
F
e ol . e mm———— -
L
1.' LY

" A . -

121Bi

Fig.1

Jul. 12, 2011

U.S. Patent

— L m La e am Em am Em am o o am o o o e n n
-ﬂ“ - T F - T
- .\..ll_.f-...rl- .l.‘.l-
..-..I * ] ' - =
l.l 1.I|. l_l_ I-I.
r ] - - -
\.lll.l..l..l..ll..-..l..l..-..-ﬁ - - mf e r v
1 - ™
i » - [ ]
0— 1 L -
L L
- - - - . .Llr.-.l
- - = F rwm L W
- .l....lu..lj.l.__...- .l.r.-_l-_..lnl l-l..l‘f
-~ | & . L |
L - L ~ L1
‘__.I..I_I..l..l_.l..__l_ -

l.lll_l_.l_l.l\...

- W R W W W W
L]

121Ae

121Ad

121Ah

121Ab

121A)

122A



U.S. Patent Jul. 12, 2011 Sheet 2 of 10 US 7.977.895 B2




U.S. Patent Jul. 12, 2011 Sheet 3 of 10 US 7.977.895 B2

121Bi /' \ 121A]
121Bd 121Bb 121Ab 121Ad  191pe

1228 122A
121Bg 107 121Ag

121Be




U.S. Patent Jul. 12, 2011 Sheet 4 of 10 US 7.977.895 B2

JI
—
&)
=
BT
nd
—
P
O |
L}
- A RADIAL DIRECTION
—
L1
‘ L
< CENTRAL ORBIT
=

—

PERTURBATOR MAGNETIC FIELD STRENGTH
DISTRIBUTION DIAGRAM



U.S. Patent Jul. 12, 2011 Sheet 5 of 10 US 7.977.895 B2

Fig.5

105\ 109
a
115 1138
\ | y
117A -
121A —
111-3\
119A

121Ad 121Ab 121Bb 121Bd  {21Be

107



US 7,977,895 B2

\
P
¢

4
%
%
’
7

/

J19.6
"7
\

\

U.S. Patent



U.S. Patent Jul. 12, 2011 Sheet 7 of 10 US 7.977.895 B2




U.S. Patent Jul. 12, 2011 Sheet 8 of 10 US 7.977.895 B2




U.S. Patent Jul. 12, 2011 Sheet 9 of 10 US 7.977.895 B2

Fig.o

1 PERTURBATION DEVICE

STABLE CIRCULAR 9
CLOSED ORBIT

ACCELERATION 3
CAVITY

= INJECTED PARTICLE
—_ TRAJECTORY

7 CENTRAL ORBIT



U.S. Patent Jul. 12, 2011 Sheet 10 of 10 US 7.977.895 B2

1 PERTURBATION DEVICE

\

9 STABLE CIRCULAR
CLOSED ORBIT

ACCELERATION 3
CAVITY

-------
.........

7 CENTRAL ORBIT



US 7,977,895 B2

1

PERTURBATION DEVICE FOR CHARGED
PARTICLE CIRCULATION SYSTEM

TECHNICAL FIELD

The present invention relates to a perturbation device for a
charged particle circulation system, which produces pertur-
bation 1n trajectories of charged particles by partially super-
posing a perturbation magnetic field on a main magnetic field
for circulating the charged particles, and captures the charged
particles, which have been injected into the charged particle
circulation system, 1nto a stable circular closed orbit.

BACKGROUND ART

As the charged particle circulation system, a synchrotron
or the like 1s known. As the synchrotron, there 1s the small-
s1ze synchrotron which 1s reduced in size to a diameter of
approximately 60 cm, for example. The small-size synchro-
tron comprises a perturbation device for a charged particle
circulation system, which captures the charged particles
injected into the charged particle circulation system into a
stable circular closed orbit. The perturbation device partially
superposes a perturbation magnetic field on a main magnetic
field for circulating charged particles so that perturbation 1s
produced 1n the trajectories of the charged particles. The
perturbation device 1s referred to as a “perturbator”.

The charged particle circulation system such as the syn-
chrotron further comprises a high-frequency acceleration
cavity arranged on the stable circular closed orbit. The high-
frequency acceleration cavity accelerates the charged par-
ticles that circulate 1n the stable circular closed orbit, atter the
perturbation device such as the perturbator has produced
perturbation in the stable circular orbit and captured the
charged particles injected into the charged particle circulation
system 1nto the stable circular orbat.

In the paper entitled “Novel X-ray Generated by Tabletop
Synchrotron “MIRRORCLE-20" (Nonpatent Document 1),
presented by Hironar1 Yamada in “Journal of the Japanese
Society for Synchrotron Radiation Research™, Vol. 135, No. 3,
pp. 15-27, and 1 the paper entitled “Injection System of
Compact SR Light Source “AURORA” Single Body Super-
conducting Ring” (Nonpatent Document 2), presented by
Takeshi Takayama et al. in “Sumitomo Heavy Industries
Technical Review”, Vol. 1.39, No. 116, August 1991 pp.
11-18, for example, a perturbation device 1s described. The
perturbation devices described 1n these papers, partially
superpose a perturbation magnetic field on a main magnetic
field for circulating charged particles 1n a synchrotron, so that
perturbation 1s produced 1n the trajectory of the charged par-
ticles and the charged particles 1injected into the synchrotron
are captured into a stable circular orbit.

A relationship between the synchrotron and the perturba-
tion device will be described, using FIGS. 9 and 10. FIG. 9
simulatively illustrates that the perturbation device and a
high-frequency acceleration cavity are arranged on the stable
circular closed orbit of the synchrotron. FIG. 10 simulatively
1llustrates that injected charged particles are circulating in the
stable circular closed orbait.

FIG. 9 simulatively 1llustrates that a perturbation device 1
which 1s constituted by the perturbator and a high-frequency
acceleration cavity 3 are arranged on a stable circular closed
orbit 5 of the synchrotron. FIG. 9 also shows the trajectories
of the charged particles that have been perturbated by the
perturbator while being injected 1nto the synchrotron. FIG. 10
simulatively 1llustrates that the injected charged particles or
an accumulating electron beam in the form of electron
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2

bunches (group of electrons) are circulating on the stable
circular closed orbit 5. In these figures, reference numeral 7

denotes a central orbit that 1s present 1n the center of the stable
circular closed orbit 5. Incidentally, in FIGS. 9 and 10, a main
magnet that forms the orbit of circulating electrons and pre-
vents diverge of the electron beam 1s omitted from the illus-
tration.

This synchrotron uses a resonance injection method 1n
which an 1njection trajectory 1s produced without intluencing
the accumulating electron beam. When an electron beam 1s
injected using the resonance injection method, electrons are
in a resonance state at the time of the injection, and betatron
oscillation amplitudes of the electrons have become large. If
a high-frequency acceleration voltage 1s applied to the high-
frequency acceleration cavity 3 when the betatron oscillation
amplitudes of the electrons are large, the electrons will scatter
and jump out of the stable circular closed orbit 5.

Then, the electrons (charged particles) by the high-fre-
quency acceleration cavity 3 1s not actively accelerated until
betatron oscillation of the electrons (charged particles) 1s
reduced and the electrons (charged particles) circulate on the
stable circular closed orbit 5, after perturbation has been
produced 1n the stable circular closed orbit 5 by the perturba-
tion device 1 and the electrons (charged particles) have been
captured 1nto the stable circular closed orbit 5.

The size of the electron bunch (group of electrons) 1s
smaller when energies of the electrons are high. When the
energies of the electrons are low, the size of the electron bunch
increases. In recent years, the synchrotron has come to be
used when the energies of the electrons are low. Non-patent
Document 1: Paper Entitled “Novel X-ray Generated by
Tabletop Synchrotron “MIRRORCLE-20”, presented by Hir-
onari Yamada in “Journal of the Japanese Society for Syn-
chrotron Radiation Research”, vol. 135, No. 3, pp. 15-27.
Non-patent Document 2: Paper Entitled “Injection System of
Compact SR Light Source “AURORA” Single Body Super-
conducting Ring”, presented by Takeshi Takayama et al. 1n
“Sumitomo Heavy Industries Technical Review”, Vol. 1.39,
No. 116, August 1991 pp. 11-18.

SUMMARY OF INVENTION
Technical Problem

If the synchrotron 1s used when the energies of the elec-
trons are low and the size of the electron bunch accordingly
increases, the charged particles cannot be entirely captured
into the stable circular closed orbit because a perturbation
range of the conventional perturbation device 1s narrow.

When the size of the electron bunch increases, the electron
bunch on the stable circular closed orbit may strike a conduc-
tor portion of the perturbation device 1 in the conventional
perturbation device, and the charged particles that have struck
the conductor portion may disappear.

An object of the present invention 1s to provide a perturba-
tion device for a charged particle circulation system capable
of readily generating a desired distribution profile of a per-
turbation magnetic field.

Another object of the present invention 1s to provide a
perturbation device for a charged particle circulation system
capable of accurately generating a desired distribution profile
of the perturbation magnetic field.

A further object of the present invention 1s to provide a
perturbation device for a charged particle circulation system
capable of readily capturing charged particles into a stable
circular closed orbit even 1f the size of an electron bunch
Increases.



US 7,977,895 B2

3

Another object of the present invention 1s to provide a
perturbation device for a charged particle circulation system
capable of preventing an electron bunch from striking the

perturbation device even 1f the size of the electron bunch
Increases.

Solution of Problem

The present invention aims at improvement of a perturba-
tion device for a charged particle circulation system that
partially superposes a perturbation magnetic field on a main
magnetic field for circulating charged particles, thereby pro-
ducing perturbation 1n trajectories of the charged particles
and then capturing the charged particles that have been
injected into the charged particle circulation system, into a
stable circular closed orbit. The perturbation device herein
has a configuration 1n which deformation (perturbation) in the
stable circular closed orbit 1s produced by the perturbation
magnetic field, thereby facilitating the charged particles to be
captured into the stable circular closed orbit. The stable cir-
cular closed orbit may be circular or noncircular. In the
description of this application, a direction in which the
charged particles move on the stable circular closed orbit 1s
referred to as a peripheral direction. A direction that extends
from the stable circular closed orbit to the center of the stable
circular closed orbit and a direction that extends from the
center of the stable circular closed orbit to the stable circular
closed orbit are referred to as a radial direction. Then, a
direction orthogonal to the peripheral direction and the radial
direction 1s referred to as an orthogonal direction.

In the perturbation device for a charged particle circulation
system according to the present invention, the perturbation
magnetic field 1s formed of a leakage magnetic field from a
magnetic field generated by a magnetic field generation
device comprising a high-frequency coil. When the perturba-
tion magnetic field 1s formed of the leakage magnetic field
from the magnetic field generated by the magnetic field gen-
eration device, a desired distribution profile of the perturba-
tion magnetic field may readily be generated by altering a
leakage distribution profile of the leakage magnetic field.

The high-frequency coil for generating the magnetic field
has an opening portion that 1s opened toward a space where
the perturbation magnetic field 1s to be generated, 1n order to
generate the leakage magnetic field. Then, conductor end
portions of the high-frequency coil face or are opposed to
cach other with the opening portion mterposed therebetween
and are inclined to determine a distribution profile of the
magnetic field generated in the space by the leakage magnetic
field. Assume that an inclination that determines the distribu-
tion profile of the magnetic field 1s given to the conductor end
portions of the high-frequency coil or the conductor end
portions are imnclined so as to determine the distribution profile
of the magnetic field, the distribution profile of the leakage
magnetic field may be altered by changing the shape or an
angle of the inclination, and the desired distribution profile of
the perturbation magnetic field may readily and accurately be
generated.

The structure of the high-frequency coil that generates the
leakage magnetic field 1s arbitrary. A certain high-frequency
coil, for example, includes a pair of internal conductors that
face or are opposed to each other via a predetermined space

through which a part of the stable circular closed orbit passes
and an external conductor arranged outside the pair of internal
conductors. The pair of internal conductors and the external
conductor are electrically connected in series. Then, the mag-
netic field generated between the pair of internal conductors
and the external conductor 1s leaked into the space between
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the pair of internal conductors to form the leakage magnetic
field, and the perturbation magnetic field 1s thereby formed 1n
the space. With such a structure, using the leakage magnetic
field from the magnetic field generated by the magnetic gen-
eration device including the one high-frequency coil, the
perturbation magnetic ficld may be generated between the
pair of internal conductors. By altering the distribution profile
of the leakage magnetic field, the distribution profile of the
perturbation magnetic field may arbitrarily be determined.

More specifically, the pair of internal conductors and the
external conductor are each configured so that the magnetic
field 1s formed between the pair of internal conductors and the
external conductor. The magnetic field thus formed surrounds
the pair of internal conductors and the leakage magnetic field
leaking out from the magnetic field enters into the space
between the pair of internal conductors. Then, both end por-
tions of each of the pair of mternal conductors, located 1n a
radial direction of the stable circular closed orbit, may be
inclined. By inclining both end portions of each of the pair of
internal conductors, the distribution profile of the perturba-
tion magnetic field formed between the pair of mnternal con-
ductors may readily be formed 1nto a desired profile.

In this configuration, the external conductor 1s configured
so that another two spaces where the charged particles may
pass are formed and the another two spaces are located on
both sides in the radial direction of the space formed in the
pair of internal conductors. With the another two spaces
formed, the charged particles may be prevented from striking
the external conductor and being lost even 11 the trajectories of
the charged particles have greatly been changed 1n the radial
direction.

The magnetic field generation device may comprise first
and second divided magnetic field generation devices each
comprising a high-frequency coil. The first and second
divided magnetic field generation devices are arranged apart
from each other in the radial direction so that a space through
which a part of the stable circular closed orbit passes 1s
formed therebetween. Then, the first and second divided mag-
netic field generation devices are configured so that the leak-
age magnetic field 1s entered 1nto the space, thereby forming
the perturbation magnetic field in the space. Assume that the
magnetic field generation device 1s constituted by the firstand
second divided magnetic field generation devices that are
apart 1n the radial direction, as described above. Then, even 1f
the s1ze of an electron bunch increases, the electron bunch, the
s1ize of which has increased, may effectively be prevented
from striking the magnetic field generation device.

Each of the first and second divided magnetic field genera-
tion devices includes an internal conductor and an external
conductor arranged apart from each other and electrically
connected 1n series. Then, the internal conductor and the
external conductor are configured so that the magnetic field 1s
formed between the internal conductor and the external con-
ductor, and the leakage magnetic field 1s leaked from an
opening portion formed in the external conductor and 1is
opened 1n the radial direction. With this configuration, the
magnetic field distribution profile of the perturbation field
may be determined appropriately by determining the size and
shape of the opening and the distance between the first and
second divided magnetic field generation devices appropri-
ately. For this reason, preferably, the external conductor used
in each of the first and second divided magnetic field genera-
tion devices may include a pair of conductor end portions
which are located both sides of the opening portion, and each
of the pair of conductor end portions may be inclined.

The internal conductor may comprise a pair of divided
internal conductors spaced in an orthogonal direction
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orthogonal to both the peripheral direction of the stable cir-
cular closed orbit and the radial direction of the stable circular
closed orbit. The external conductor 1s formed so as to sur-
round the pair of divided internal conductors with the opening
portion formed therein. The opening portion 1s opened in the
peripheral direction of the stable circular closed orbit and also
1s opened 1n the radial direction of the stable circular closed
orbit. Then, preterably, the pair of divided internal conductors
and the external conductor are positioned so that a gap formed
between the pair of divided internal conductors and the open-
ing portion are aligned in the radial direction. With this con-
figuration, 1t will be less likely that the charged particles strike
the internal conductors and the external conductor even 1f the
trajectories of the charged particles greatly vary in the radial
direction of the stable circular closed orbat.

When the first divided magnetic field generation device 1s
arranged more inward 1n the radial direction of the stable
circular closed orbit than the second divided magnetic field
generation device, the first and second divided magnetic field
generation devices may be configured as follows. The pair of
divided internal conductors of the first divided magnetic field
generation device may be constituted by a pair of circular
arc-like conductive plates that extend along the peripheral
direction and 1n the radial direction, centering on the center of
the stable circular closed orbit. The pair of circular arc-like
conductive plates are located inside the stable circular closed
orbit. The external conductor of the first divided magnetic
field generation device may comprise a pair of circular arc-
like conductive plates, a pair of conductive side plates, and a
conductive coupling plate. The pair of circular arc-like con-
ductive plates are located on both sides of the opening por-
tion. The circular arc-like conductive plates are spaced in the
orthogonal direction and extend in the peripheral direction,
centering on the center of the stable circular closed orbit and
also extend in the orthogonal direction. The pair of conduc-
tive side plates are located outside the pair of divided internal
conductors. The conductive side plates are spaced in the
orthogonal direction and extend in the peripheral direction
and the radial direction. The circular arc-like conductive plate
1s provided at end portion of each of the pair of conductive
side plates. The end portion of the conductive side plate 1s
located outward 1n the radial direction. The conductive cou-
pling plate couples end portions of the pair of conductive side
plates located mward in the radial direction. The pair of
divided internal conductors and the external conductor are
coupled by a conductive plate at a position that does not
interfere with passing charged particles.

Further, the pair of divided internal conductors of the sec-
ond divided magnetic field generation device may be consti-
tuted by a pair of circular arc-like conductive plates that
extend along the peripheral direction and 1n the radial direc-
tion, centering on the center of the stable circular closed orbat.
The pair of circular arc-like conductive plates are located
outside the stable circular closed orbit. In this configuration,
the external conductor of the second divided magnetic field
generation device may comprise a pair of circular arc-like
conductive plates, a pair of conductive side plates, and a
conductive coupling plate. The pair of circular arc-like con-
ductive plates are located on both sides of the opening por-
tion. The circular arc-like conductive plates are spaced in the
orthogonal direction, and extend 1n the peripheral direction,
centering on the center of the stable circular closed orbit and
also extend in the orthogonal direction. The pair of conduc-
tive side plates are located outside the pair of divided internal
conductors. The conductive side plates are spaced in the
orthogonal direction and extend in the peripheral direction
and the radial direction. The conductive coupling plate
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couples end portions of the pair of conductive side plates,
which are located outward 1n the radial direction of the stable
circular closed orbit. Then, the pair of divided internal con-
ductors and the external conductor are coupled by a conduc-
tive short-circuit plate at a position that do not interfere with
passing charged particles.

Since the first and second divided magnetic field genera-
tion devices are configured as described above, the first and
second divided magnetic field generation devices are consid-
ered that the first divided magnetic field generation device
and the second divided magnetic field generation device are
clectrically connected in parallel. By flowing a high-ire-
quency current through the external conductor from the inter-
nal conductor of each divided magnetic field generation
device, a desired leakage magnetic field necessary for form-
ing the perturbation magnetic field may be formed with a
simple configuration.

The pair of divided internal conductors that comprise the
internal conductor of the first divided magnetic field genera-
tion device may be electrically connected to the pair of
divided internal conductors of the second divided magnetic
field generation device 1n series, and the external conductor of
the first divided magnetic field generation device and the
external conductor of the second divided magnetic field gen-
cration device may be electrically connected 1n series, with-
out connecting the internal conductors and the external con-
ductor of the first divided magnetic field generation device by
the conductive short-circuit plate. In this configuration, the
first divided magnetic field generation device and the second
divided magnetic field generation device are electrically con-
nected 1n series. In this configuration as well, the necessary
leakage magnetic field may be generated.

Only one of the first and second divided magnetic field

generation devices may be used as an independent magnetic
field generation device comprising a high-frequency coil.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view of a first embodiment of a
perturbation device for a charged particle circulation system
according to the present mnvention as seen from one side of the
device so that the inside of the perturbation device may be
seen.

FIG. 2 1s an end surface view showing one end of the
perturbation device for a charged particle circulation system
of the first embodiment in a peripheral direction.

FIG. 3 1s an end surface view showing the other end of the
perturbation device for a charged particle circulation system
of the first embodiment in the peripheral direction.

FIG. 4 1s a graph showing an example magnetic field
strength distribution of a perturbation magnetic field gener-
ated by a pair of divided magnetic field generation devices.

FIG. § 1s an end surface view showing one end of a pertur-
bation device for a charged particle circulation system of a
variation example of the first embodiment i the peripheral
direction.

FIG. 6 explamns a different example electrical connection
between first and second divided magnetic field generation
devices.

FIG. 7 1s an end surface view of a second embodiment of a
perturbation device for a charged particle circulation system
according to the present invention as seen from one side of the
device 1n a peripheral direction.

FIG. 8 15 a sectional view of the perturbation device for a
charged particle circulation system in the second embodi-
ment taken along line X-X 1 FIG. 7.
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FIG. 9 simulatively illustrates that a perturbation device
and a high-frequency acceleration cavity are arranged on a
stable circular closed orbit of a synchrotron 1n the prior art.

FIG. 10 simulatively illustrates that injected charged par-
ticles circulate on the stable circular closed orbit 1n the prior
art.

DESCRIPTION OF EMBODIMENT

Embodiments of a perturbation device for a charged par-
ticle circulation system according to the present invention
will now be described in detail with reference to drawings.

The perturbation device for a charged particle circulation
system according to the present invention captures charged
particles, which have been injected into the charged particle
circulation system, into a stable circular closed orbit. The
perturbation device partially superposes a perturbation mag-
netic field on a main magnetic field for the circulating the
charged particles, so that perturbation 1s produced 1n trajec-
tories of the charged particles.

FIGS. 1 through 4 show a first embodiment of the pertur-
bation device for a charged particle circulation system
according to the present imvention. FIG. 1 1s a perspective
view of the perturbation device for a charged particle circu-
lation system of the first embodiment, as seen from one side
of the device. FIG. 2 1s an end surface view showing one end
ol the perturbation device for a charged particle circulation
system of the embodiment 1n a peripheral direction. FIG. 3 1s
an end surface view showing the other end of the perturbation
device for a charged particle circulation system of the
embodiment in the peripheral direction. FIG. 4 1s a graph
showing an example magnetic field strength distribution of a
perturbation magnetic field generated by first and second
divided magnetic field generation devices. Reference numer-
als obtained by adding 100 to components 1n FIGS. 9 and 10
are used for components corresponding to those i FIGS. 9
and 10 and 1illustrated.

A perturbation device 101 for a charged particle circulation
system 1n this embodiment includes a first divided magnetic
field generation device 113 A and a second divided magnetic
field generation device 113B arranged apart 1n a radial direc-
tion 111 of a stable circular closed orbit 105 so that a space
1094 (shown 1n FIG. 2)1s formed between the first and second
divided magnetic field generation devices 113A and 113B. In
the space 109a, the perturbation magnetic field 1s formed.
Each of the first and second divided magnetic field generation
devices 113A and 113B i1s formed of a high-frequency coail.
The first and second divided magnetic field generation
devices 113 A and 113B are formed of a non-magnetic metal
such as aluminum. A half-pulse current of a high frequency of
4 to 5 MHz 1s flowed through the first and second divided
magnetic field generation devices 113 A and 113B, thereby
generating a magnetic field.

The first divided magnetic field generation device 113 A 1s
positioned more inward 1n the radial direction of the stable
circular closed orbit 103 or a central orbit 1077 than the second
divided magnetic field generation device 113B.

The first divided magnetic field generation device 113A
includes a pair of divided internal conductors 117A and 119A
and an external conductor 121 A. The pair of divided internal
conductors 117A and 119A are located 1n a moving direction
of charged particles that travel 1n a direction of the central
orbit 107 or a peripheral direction of the stable circular closed
orbit 105 and an orthogonal direction 115 that crosses the
radial direction 111 at right angle. A passable range 1095 1s
interposed between the pair of divided iternal conductors
117A and 119A. The external conductor 121 A 1s arranged so
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as not to cross the passable range 1095 and 1s electrically
connected to the divided internal conductors 117A and 119A.
The pair of divided internal conductors 117A and 119A con-
stitute an 1nternal conductor of the first divided magnetic field
generation device 113 A. Then, the external conductor 121 1s
formed so as to surround the pair of divided internal conduc-
tors 117A and 119A with an opening portion 122A formed
therein. The opening portion 122A 1s opened on both sides in
the peripheral direction of the stable circular closed orbit 105
and 1s also opened 1n the radial direction. Then, the positional
relationship among the pair of divided internal conductors
117A and 119A and the external conductor 121A 1s deter-
mined so that a gap 118 A formed between the pair of divided
internal conductors 117A and 119A and the opening portion
122 A are aligned 1n the radial direction.

In this embodiment, the pair of divided internal conductors
117A and 119A of the first divided magnetic field generation
device 113A comprise a pair of circular arc-like conductive
plates located mside the central orbit 107. The pair of divided
internal conductors 117A and 119A extend 1n the radial direc-
tion 111 and along the central orbit 107, centering on the
center of the stable circular closed orbit or the central orbit
107. The external conductor 121 A comprises a pair of circular
arc-like conductive plates 121 Aa and 121 Ab, a pair of con-
ducting side plates 121Ac and 121 Ad, and a conductive cou-
pling plate 121Ae. The circular arc-like conductive plates
121 Aa and 121Ab are located on both sides of the opening
122 A are spaced 1n the orthogonal direction. The circular
arc-like conductive plates 121Aa and 121Ab extend 1n the
orthogonal direction and the peripheral direction, centering
on the center of the stable circular closed orbit 105. The
conductive side plates 121 Ac and 121 Ad are located outside
the pair of divided internal conductors 117A and 119A and
are spaced 1n the orthogonal direction. The conductive side
plates 121Ac and 121Ad extend 1n the peripheral direction
and the radial direction. At end portions of the pair of con-
ductive side plates 121 Ac and 121 Ad located outward 1n the
radial direction, the circular arc-like conductive plates 121 Aa
and 121Ab are provided. Further, the conductive coupling
plate 121 Ae couples end portions of the pair of conductive
side plates 121 Ac and 121Ad located inward 1n the radial
direction. The pair of divided internal conductors and the
external conductor are coupled by conductive short-circuit
plates 121 ATand 121 Ag at positions that do not interfere with
passing charged particles. End surfaces of the pair of conduc-
tive plates 121Aa and 121 Ab of the first divided magnetic
field generation device 113A are formed into 1mnclined sur-
faces 121 Ah and 121A1. In this embodiment, the pair of
divided internal conductors 117A and 119A, external con-
ductor 121 A, and conductive short-circuit plates 121 Af and
121 Ag constitute the high-frequency coail.

The second divided magnetic field generation device 113B
similarly includes a pair of divided internal conductors 117B
and 119B and an external conductor 121B. The pair of
divided internal conductors 117B and 119B 1s located 1n the
moving direction of the charged particles that travel in the
direction of the central orbit 107 or the peripheral direction of
the stable circular closed orbit 105 and the orthogonal direc-
tion 115 that crosses the radial direction 111 at right angle.
The passable range 1096 1s interposed between the pair of
divided internal conductors 117B and 119B. The external
conductor 121B 1s arranged not to cross the passable range
1096 and 1s electrically connected to the divided internal
conductors 117B and 119B. The pair of divided internal con-
ductors 117B and 119B constitute an internal conductor of
the second divided magnetic field generation device 113B.
Then, the external conductor 121B 1s formed so as to sur-
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round the pair of divided internal conductors 117B and 119B
with an opening portion 122B formed therein. The opening
portion 122B i1s opened on both sides 1n the peripheral direc-
tion of the stable circular closed orbit 1035 and 1s also opened
inward 1n the radial direction. Then, the positional relation- 5
ship among the pair of divided internal conductors 117B and
119B and the external conductor 121B 1s determined so that
a gap 118B formed between the pair of divided internal con-
ductors 117B and 119B and the opening portion 122B are
aligned in the radial direction. 10

In this embodiment, the pair of the divided internal con-
ductors 1178 and 119B of the second divided magnetic field
generation device 113B comprise a pair of circular arc-like
conductive plates that extend 1n the radial direction 111 and
along the central orbit 107, centering on the center of the 15
stable circular closed orbit 105. The pair of circular arc-like
conductive plates are located outside the central orbit 107.
The external conductor 121B comprises a pair of circular
arc-like conductive plates 121Ba and 121Bb, a pair of con-
ductive side plates 121Bc and 121Bd, and a conductive cou- 20
pling plate 121Be. The circular arc-like conductive plates
121Ba and 121Bb are located on both sides of the opening
portion 122B and are spaced 1n the orthogonal direction. The
circular arc-like conductive plates 121Ba and 121Bb extend
in the peripheral direction, centering on the center of the 25
stable circular closed orbit 105 and also extend 1n the orthogo-
nal direction. The conductive side plates 121Bc¢ and 121Bd
are located outside the pair of divided internal conductors
117B and 119B and are spaced 1n the orthogonal direction.
The conductive side plates 121Bc and 121Bd extend both 1n 30
the peripheral and radial directions. At end portions of the
conductive side plates 121Bc and 121Bd located inward 1n
the radial direction, the circular arc-like conductive plates
121Ba and 121Bb are provided. Further, the conductive cou-
pling plate 121Be couples end portions of the conductive side 35
plates 121Bc and 121Bd located outward 1n the radial direc-
tion. The pair of divided internal conductors and the external
conductor are coupled by a pair of conductive short-circuit
plates 121Bf and 121Bg at positions that do not interfere with
passing charged particles. End surfaces of the pair of conduc- 40
tive plates 121Ba and 121Bb of the second divided magnetic
field generation device 113B are formed into inclined sur-
faces 121Bh and 121Bi1. In this embodiment, the pair of
divided internal conductors 117B and 119B, external conduc-
tor 121B, and conductive short-circuit plates 121Bf and 45
121Bg constitute the high-frequency coil.

The end surfaces of the pair of the conductive plates 121 Aa
and 121 Ab that face or are opposed to each other with the
opening portion 122A of the first divided magnetic field gen-
eration device 113 A interposed therebetween are inclined so 50
that a distance between the two end surfaces increases more
as the end surfaces are separated more from the opening
portion 122A. The end surfaces of the pair of the conductive
plates 121Ba and 121Bb that face each other with the opening,
portion 122B of the second divided magnetic field generation 55
device 113B interposed therebetween are inclined so that a
distance between the two end surfaces increases more as the
end surfaces are separated more from the opening portion
122B. Accordingly, these end surfaces constitute the inclined
surtaces 121 Ah and 121 A1 and the inclined surfaces 121Bh 60
and 121Bi.

With respect to a profile of a magnetic field distribution
tormed over the space 109a between the first divided mag-
netic field generation device 113A and the second divided
magnetic field generation device 113B, a space between the 65
pair of the conductive plates 121Aa and 121 Ab, and a space
between the pair of the conductive plates 121Ba and 121Bb,
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a magnetic field strength 1s zero in the center of the space
109a, as shown 1n FIG. 4. Then, polarities of the magnetic
field strength are reversed between both sides of the center 1n
the radial direction.

A main magnetic field not shown 1s given to the first
divided magnetic field generation device 113 A and the sec-
ond divided magnetic field generation device 113B from the
orthogonal direction 115 orthogonal to the radial direction
111 of the central orbit 107. A magnetic field strength distri-
bution of this main magnetic field 1s determined so that the
charged particles that have entered the stable circular closed
orbit 103 collect on the central orbit 107 of the stable circular
closed orbit 105 when the first divided magnetic field genera-
tion device 113 A and the second divided magnetic field gen-
eration device 113B do not generate the perturbation mag-
netic field.

When the perturbation magnetic field 1s formed as
described above, using the leakage magnetic field of the mag-
netic field generated by each of the first divided magnetic field
generation device 113A and the second divided magnetic
field generation device 113B, the distribution profile of the
perturbation magnetic field may readily be formed into an
arbitrary profile by altering a distribution profile of the leak-
age magnetic field.

Further, an inclination that determines the magnetic field
distribution profile 1s given to the conductor ends of the exter-
nal conductor that constitutes a portion of the high-frequency
coil. Accordingly, by changing the inclination, the leakage
distribution profile of the leakage magnetic field will alter.
The distribution profile of the perturbation magnetic field
may be thereby readily and accurately generated.

According to this embodiment, the gap 118 A between the
pair of the divided internal conductors 117A and 119A, the
gap 118B between the pair of the divided internal conductors
1178 and 119B, the opening portion 122 A between the pair
of the conductive plates 121 Aa and 121 Ab, and the opening
portion 122B between the pair of the conductive plates 121Ba
and 121Bb are aligned in one direction. Thus, even 1f the
trajectories of charged particles greatly vary in the radial
direction, the charged particles may readily be captured into
the stable circular closed orbit. Further, the first divided mag-
netic field generation device 113 A and the second divided
magnetic field generation device 113B are arranged apart in
the radial direction. Thus, a phenomenon may be prevented,
in which an electron bunch that 1s long 1n the orthogonal
direction strikes the first divided magnetic field generation
device 113 A and the second divided magnetic field genera-
tion device 113B and then the charged particles thereby dis-
appear.

The perturbation device 101 may be of a configuration
similar to that 1n FIGS. 1 through 4 described above but does
not include the inclined surfaces 121Ah and 121A1 at the end
portions of the pair of the conductive plates 121 Aaand 121Ab
and the inclined surfaces 121Bh and 121B1 at the end portions
of the pair of the conductive plates 121Ba and 121Bb, as
shown 1n FIG. §.

In the embodiment described above, the first divided mag-
netic field generation device 113 A and the second divided
magnetic field generation device 113B may be considered
that they are electrically connected 1n parallel. By flowing a
high-frequency current through the external conductor from
the internal conductor of each divided magnetic field genera-
tion device, the leakage magnetic field necessary for forming,
the perturbation magnetic field 1s formed. However, as shown
in FIG. 6, the pair of divided internal conductors 117A and
119 A that constitute the internal conductor of the first divided
magnetic field generation device 113A may be electrically
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connected to the pair of divided internal conductors 117B and
119B of the second divided magnetic field generation device
113B 1n series and the external conductor 121 A of the first
divided magnetic field generation device 113 A and the exter-
nal conductor 121B of the second divided magnetic field
generation device 113B may be electrically connected 1n
series, without connecting the internal conductors 117A and
119A of the first divided magnetic field generation device
113A and the external conductor 121 A by the conductive
short-circuit plates. In this configuration, the first divided
magnetic field generation device 113A and the second
divided magnetic field generation device 113B may be con-
sidered that they are electrically connected in series. With
such an arrangement as well, the necessary leakage magnetic
field may be generated. In FIG. 6, the same components as
those shown 1n FIGS. 1 through 5§ are given the same refer-
ence numerals as 1 FIGS. 1 through 5.

FIGS. 7 and 8 show a configuration of a second embodi-
ment of a perturbation device for a charged particle circula-
tion system according to the present mvention. FIG. 7 1s an
end surface view of the perturbation device for a charged
particle circulation system in the second embodiment as seen
from one side of the device. FIG. 8 1s a sectional view of the
perturbation device for a charged particle circulation system
taken along line X-X 1n FIG. 7. Reference numerals with 200
added to the reference numerals of components employed 1n
FIGS. 1 through 3 described before are used for components
corresponding to the components 1n FIGS. 1 through 3. The
perturbation device 201 for a charged particle circulation
system partially superposes a perturbation magnetic field on
a main magnetic field, not shown, for circulating charged
particles, so that perturbation 1s produced in the trajectories of
the charged particles and the charged particles that have been
injected into the charged particle circulation system are
thereby captured into a stable circular closed orbit 205.

The magnetic field generation device 202 comprising a
high-frequency coils includes a pair of internal conductors
217A and 217B that face each other with a predetermined
space 218 through which a part of the stable circular closed
orbit 205 passes and an external conductor 213 arranged
outside the pair of internal conductors 217A and 2178. The
pair of internal conductors 217A and 217B are electrically
connected to the external conductor 213 1n series. Then, by
causing a magnetic field generated between the pair of inter-
nal conductors 217A and 217B and the external conductor
213 to leak into the space 218 between the pair of internal
conductors 217A and 217B, a leakage magnetic field 1is
formed. A perturbation magnetic field i1s thereby formed 1n
the space 218. With such configuration, using the leakage
magnetic field from the one magnetic field generated by the
one magnetic field generation device 202, the perturbation
magnetic field may be formed between the pair of internal
conductors 217A and 217B. By altering a distribution profile
of this leakage magnetic field, a distribution profile of the
perturbation magnetic field may be arbitrarily determined.

More specifically, the pair of internal conductors 217A and
217B and the external conductor 213 are configured so that
the magnetic field 1s formed between the pair of internal
conductors 217A and 217B and the external conductor 213 so
as to surround the pair of internal conductors 217A and 2178
and the leakage magnetic field that leaks out of the magnetic

field 1s entered 1into the space 218 between the pair of internal
conductors 217A and 217B. Then, end portions 217Aa,

217Ab, 217Ba, and 217Bb located on both sides of the pair of
internal conductors 217A and 217B 1n a radial direction of the
stable circular closed orbit 205 are inclined so that a gap
between the end portions 217Aa and 217Ba and a gap
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between the end portions 217Ab and 217Bb increase more
toward the external conductor 213. By inclining the end por-
tions 217Aa, 217Ab, 217Ba, and 217Bb of the pair of internal
conductors 217A and 217B 1n this configuration, the distri-
bution profile of the perturbation magnetic field formed
between the pair of internal conductors 217A and 2178 may
readily be formed into a desired profile.

In this embodiment, the external conductor 213 1s config-
ured so that on both sides 1n the radial direction of the space
218 formed between the pair of internal conductors 217 A and
2178, another two spaces 220A and 220B through which
charged particles may pass are formed, being aligned with
this space 218. Since such another spaces 220A and 220B are
formed, the charged particles may be prevented from striking
the external conductor and then being lost even 11 the trajec-
tories of the charged particles greatly vary in the radial direc-
tion.

The external conductor 213 in this embodiment includes a
first external conductor forming member 213 A and a second
external conductor forming member 213B that face the pair of
internal conductors 217A and 217B, respectively. The first
external conductor forming member 213A and the second
external conductor forming member 213B are arranged out-
side the pair of internal conductors 217A and 217B. The first
external conductor forming member 213A and the second
external conductor forming member 213B are electrically
connected, though not shown. The first external conductor
forming member 213A and the second external conductor
forming member 213B each include an inner surface that
faces a corresponding one of the pair of internal conductors
217A and 217B 1n the radial direction. The first external

conductor forming member 213 A 1ncludes a pair of conduc-
tive plates 221 Aa and 221 Ab located on both sides of the first
external conductor forming member 213 A 1n the radial direc-
tion. The second external conductor forming member 213B
includes a pair of conductive plates 221Ba and 221Bb located
on both sides of the second external conductor forming mem-
ber 213B 1n the radial direction. The conductive plates 221 Aa
and 221Ab and the conductive plates 221Ba and 221Bb are
located on the both sides of the pair of external conductor
forming members 213 A and 213B 1n the radial direction. The
conductive plates 221 Aa and 221Ba face each other via a gap
that forms a passable range 209. The conductive plates 221Ab
and 221Bb face each other via the gap that forms a passable
range 209. The pair of internal conductors 217A and 217B
and the pair of external conductor fonnmg members 213 A
and 213B are electrically connected 1n series.

The perturbation device 1n this embodiment may generate
the perturbation magnetic field, using the leakage magnetic
field from the magnetic field generated by one magnetic field
generation device 201. However, the perturbation magnetic
field 1s generated 1n the space 218 between the pair of internal
conductors 217A and 217B. Thus, when the size of an elec-
tron bunch increases, the charged particles will strike the pair
of internal conductors 217A and 217B. The perturbation
device 1n this embodiment 1s therefore suitable for use when
the size of the electron bunch 1s not increased as much as
possible.

In the first embodiment described above, the magnetic field
generation device 1s constituted by the first and second
divided magnetic field generation devices formed of the high-
frequency coils. However, only one of the first and second
divided magnetic field generation devices formed of the high-
frequency coils may be of course used as the magnetic field
generation device formed of the high-frequency coil. In that
configuration, the magnetic field generation device may

remain unchanged in structure from the first and second
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divided magnetic field generation devices. Then, this one
magnetic field generation device may be arranged adjacent to
a space through which a part of a stable circular closed orbit
passes.

INDUSTRIAL APPLICABILITY

The perturbation device for a charged particle circulation
system according to the present mnvention utilizes a leakage
magnetic field formed of a magnetic field generated by the
magnetic field generation device and thereby forms a pertur-
bation magnetic field. Accordingly, by altering the distribu-
tion profile of the leakage magnetic field, a desired distribu-
tion profile of the perturbation magnetic field may readily be
generated.

The mvention claimed 1s:

1. A perturbation device for a charged particle circulation
system, which produces perturbation in trajectories of
charged particles by partially superposing a perturbation
magnetic field on a main magnetic field for circulating the
charged particles, and captures the charged particles that have
been injected 1nto the charged particle circulation system 1nto
a stable circular closed orbit, wherein

the perturbation magnetic field 1s formed of a leakage

magnetic field from a magnetic field generated by a
magnetic field generation device comprising a high-ire-
quency coil.

2. The perturbation device for a charged particle circulation
system according to claim 1, wherein the high-frequency coil
has an opening portion that causes the leakage magnetic field
to be generated 1nto a space where the perturbation magnetic
field 1s to be formed, and conductor end portions of the
high-frequency coil form the opeming portion therebetween
and are inclined to determine a magnetic field distribution
profile of the perturbation magnetic field formed of the leak-
age magnetic field.

3. The perturbation device for a charged particle circulation
system according to claim 1, wherein

the high-frequency coil comprises a pair of internal con-

ductors that face each other via a predetermined space
through which a part of the stable circular closed orbit
passes, and an external conductor arranged outside the
pair of the internal conductors;

the pair of internal conductors and the external conductor

are electrically connected 1n series; and

the magnetic field generated between the pair of internal

conductors and the external conductor 1s leaked 1nto the
space between the pair of internal conductors to form the
leakage magnetic field so that the perturbation magnetic
field 1s formed 1n the space.

4. The perturbation device for a charged particle circulation
system according to claim 3, wherein

the pair of internal conductors and the external conductor

are each configured so that the magnetic field 1s formed
between the pair of internal conductors and the external
conductor so as to surround the pair of internal conduc-
tors and that the leakage magnetic field leaking out from
the magnetic field enters into the space between the pair
of internal conductors; and

both end portions of each of the pair of internal conductors,

located 1n a radial direction of the stable circular closed
orbit, are inclined to determine a magnetic field distri-
bution profile of the perturbation magnetic field formed
of the leakage magnetic field.

5. The perturbation device for a charged particle circulation
system according to claim 4, wherein the external conductor
1s configured so that another two spaces where the charged
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particles may pass are formed and the another two spaces are
located on both sides 1n the radial direction of the space
formed in the pair of internal conductors.

6. The perturbation device for a charged particle circulation
system according to claim 1, wherein

the magnetic field generation device comprises first and

second divided magnetic field generation devices each
comprising a high-frequency coil;

the first and second divided magnetic field generation

devices are arranged apart from each other 1n the radial
direction of the stable circular closed orbit so that a space
through which a part of the stable circular closed orbit
passes 1s formed therebetween; and

the first and second divided magnetic field generation

devices are configured so that the leakage magnetic field
1s entered into the space and forms the perturbation
magnetic field 1n the space.

7. The perturbation device for a charged particle circulation
system according to claim 6, wherein

cach of the first and second divided magnetic field genera-

tion devices comprises:

an mternal conductor and an external conductor arranged

apart from each other and electrically connected 1n
series; and

the internal conductor and the external conductor are con-

figured so that the magnetic field 1s formed therebe-
tween, and the leakage magnetic field 1s leaked from an
opening portion formed 1n the external conductor and
opened 1n the radial direction.

8. The perturbation device for a charged particle circulation
system according to claim 7, wherein the external conductor
used 1n each of the first and second divided magnetic field
generation devices mcludes a pair of conductor end portions
which are located on both sides of the opening portion and the
pair of conductor end portions are inclined to determine a
magnetic field distribution profile of the perturbation mag-
netic field formed of the leakage magnetic field.

9. The perturbation device for a charged particle circulation
system according to claim 7, wherein

the internal conductor comprises a pair of divided internal

conductors spaced in an orthogonal direction orthogonal
to both a peripheral direction of the stable circular closed
orbit and the radial direction of the stable circular closed
orbit;

the external conductor with the opening portion opened 1n

the radial direction, 1s formed so as to surround the pair
of divided internal conductors and 1s opened on both
ends of the stable circular closed orbit 1n the peripheral
direction; and

the pair of divided internal conductors and the external

conductor are positioned so that a gap formed between
the pair of divided internal conductors and the opening
portion are aligned 1n the radial direction of the stable
circular closed orbit.

10. The perturbation device for a charged particle circula-
tion system according to claim 9, wherein

the first divided magnetic field generation device 1s

arranged more inward 1n the radial direction of the stable
circular closed orbit than the second divided magnetic
field generation device;

the pair of divided internal conductors of the first divided

magnetic field generation device comprises a pair of
circular arc-like conductive plates that extend along the
peripheral direction and 1n the radial direction, centering,
on the center of the stable circular closed orbit, the pair
of circular arc-like conductive plates being located
inside the stable circular closed orbait;
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the external conductor of the first divided magnetic field

generation device comprises:

a pair of circular arc-like conductive plates located on
both sides of the opening portion and spaced 1n the
orthogonal direction, the pair of circular arc-like con-
ductive plates respectively extending 1n the peripheral
direction, centering on the center of the stable circular
closed orbit, and also extending in the orthogonal
direction;

16

of circular arc-like conductive plates being located
inside the stable circular closed orbait;

the external conductor of the first divided magnetic field
generation device comprises:

a pair of circular arc-like conductive plates located on both
sides of the opening portion 1n the orthogonal direction,
the pair of circular arc-like conductive plates respec-
tively extending in the peripheral direction, centering on
the center of the stable circular closed orbit, and also

a pair ol conductive side plates located outside the pair 10 extending in the orthogonal direction;
of divided internal conductors, the conductive side a pair ol conductive side plates located outside the pair of
plates being spaced 1n the orthogonal direction and divided internal conductors, the conductive side plates
extending in the peripheral direction and 1n the radial being spaced 1n the orthogonal direction and extending
direction, each ot the pair of conductive side plates . in the peripheral direction and in the radial direction,
having an end portion located outward 1n the radial cach of the pair of conductive side plates having an end
direction, on which-the circular arc-like conductive portion located outward 1n the radial direction, on which
plate 1s arranged; and the circular arc-like conductive plate 1s arranged; and

a conductive coupling plate that couples end portions of a conductive coupling plate that couples end portions of the
the pair of conductive side plates, which are located g pair of conductive side plates, which are located inward
inward 1n the radial direction; in the radial direction;

a conductive short-circuit plate couples the pair of divided the pair of divided internal conductors of the second
internal conductors and the external conductor at a posi- divided magnetic field generation device comprises a
tion that does not interfere with passage of the charged pair of circular arc-like conductive plates that extends
particles; 25 along the peripheral direction and in the radial direction,

the pair of divided internal conductors of the second centering on the center of the stable circular closed orbit,
divided magnetic 1iti:ld generation device comprises a the pair of circular arc-like conductive plates being
pair of circular arc-likE; conductive plates that extends located outside the stable circular closed orbit; and
along Ifhe peripheral direction and in the radial dir ectlopj the external conductor of the second divided magnetic field
centering on tl}e center of tl}e stable 01rC}113r closed orl:_)lt, 30 generation device comprises:

the pair of circular arc-like conductive plates being - of cireul Tlike conductive nlates located on

located outside the stable circular closed orbit; o pit OF SHETAl are=lin . b .

- : both sides of the opening portion, the circular arc-like

the external conductor of the second divided magnetic field . . .
seneration device comprises: c:(:_)ndu‘ctlve plate? being Spac;:ed in the (_:thhogonal
a pair of circular arc-like conductive plates located on 35 dlI’@Ctl(iJIl, ‘the c1rcplar arc.-hke. conductl?fe plates

both sides of the opeming portion, the circular arc-like extending in the penphfar al direction, Centfar ing on the
conductive plates being spaced in the orthogonal center ‘of ‘Ehe stable circular 'ClOSfE:d orbit, and also
direction, the circular arc-like conductive plates extending i the orthogonal direction;

extending in the peripheral direction, centering on the a pair of conductive side plates located outside the pair
center of the stable circular closed orbit, and also 40 of divided internal conductors, the conductive side
extending in the orthogonal direction; plates being spaced in the orthogonal direction and

a pair of conductive side plates located outside the pair extending 1n the peripheral direction and 1n the radial
of divided internal conductors, the conductive side direction, each of the pair of conductive side plates
plates being spaced 1n the orthogonal direction and having an end portion located outward 1n the radial
extending in the peripheral direction and 1n the radial 45 direction, on which the circular arc-like conductive
direction, each of the pair of conductive side plates plate 1s arranged; and
having an end portion located outward 1n the radial a conductive coupling plate that couples end portions of
direction, on which-the circular arc-like conductive the pair of conductive side plates, which are located
plate 1s arranged; and outward in the radial direction;

a conductive coupling plate that couples end portions of 50  wherein the pair of divided internal conductors of the first
the pair of conductive side plates, which are located divided magnetic field generation device and the pair of
outward in the radial direction; and divided internal conductors of the second divided mag-

a conductive short-circuit plate couples the pair of divided netic field generation device are electrically connected
internal conductors and the external conductor at a posi- in series, and the external conductor of the first divided
tion that does not interfere with passage of the charged 55 magnetic field generation device and the external con-
particles. ductor of the second divided magnetic field generation

11. The perturbation device for a charged particle circula- device are electrically connected in series.

tion system according to claim 9, wherein 12. The perturbation device for a charged particle circula-
the first divided magnetic field generation device 1s tion system according to claim 1, wherein

arranged more mmward in the radial direction of the stable 60 the magnetic field generation device 1s arranged adjacent to

circular closed orbit than the second divided magnetic a space through which the stable circular closed orbit

field generation device; passes; and

the pair of divided internal conductors of the first divided the magnetic field generation device 1s configured so that
magnetic field generation device comprises a pair of the leakage magnetic field enters into the space, and
circular arc-like conductive plates that extend along the 65 forms the perturbation magnetic field 1n the space.
peripheral direction and 1n the radial direction, centering, 13. The perturbation device for a charged particle circula-

on the center of the stable circular closed orbit, the pair tion system according to claim 12, wherein
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the magnetic field generation device includes an internal
conductor and an external conductor arranged apart
from each other and electrically connected 1n series; and
the mternal conductor and the external conductor are con-
figured so that the magnetic field 1s formed therebe-
tween, and the leakage magnetic field 1s leaked from an
opening portion formed 1n the external conductor and
opened 1n the radial direction.
14. The perturbation device for a charged particle circula-
tion system according to claim 13, wherein
the external conductor used 1n the magnetic field genera-
tion device has a pair of conductor end portions located
on both sides of the opening portion, and the conductor
end portions are inclined to determine a magnetic field
distribution profile of the perturbation magnetic field
formed of the leakage magnetic field.
15. The perturbation device for a charged particle circula-
tion system according to claim 13, wherein
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the internal conductor comprises a pair of divided internal
conductors spaced in an orthogonal direction orthogonal
to both a peripheral direction of the stable circular closed
orbit and the radial direction of the stable circular closed
orbit;

the external conductor with the opening portion opened 1n
the radial direction 1s formed so as to surround the pair of
divided internal conductors and 1s opened on both ends
of the stable circular closed orbit 1n the peripheral direc-
tion; and

the pair of divided internal conductors and the external
conductor are positioned so that a gap formed between
the pair of divided internal conductors and the opening
portion are aligned 1n the radial direction.
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